Experimental section

Catalyst preparation
NiZn/Al2O3 and Ni/Al2O3 catalysts were prepared using a homogenous deposition precipitation method. For the support, Al2O3 (Alfa Aesar, 255 m 2 /g as obtained, median pore size 70 microns, total pore volume 1.14 cm 3 g −1 , packing density 0.395 kg L −1 ) was ground, followed by heat treatment in static air at 500 °C. For the synthesis, 4.73 g of urea (Sigma-Aldrich, purity 99.5%) (i.e., molar ratio of urea/metal = 100) was dissolved in 100 mL of Milli-Q water in a three-neck spherical glass flask (500 mL). An aqueous solution of 0.025 M NiCl2•6H2O (Sigma-Aldrich, purity 99.999%) and ZnNO3•6H2O (purity ≥99%), which corresponded to a metal content of 10 wt% for the monometallic Ni catalyst and 6 wt% Ni and 4 wt% Zn for the bimetallic NiZn catalyst, was added. Next, 0.90 g of Al2O3 (218 m 2 g −1 by BET measurement) was added to the solution containing the metal ions. The solution was maintained under an Ar atmosphere throughout the synthesis process to remove oxygen and organic byproducts, with vigorously stirring during the entire process. The pH was measured and determined to be 4 at this stage. After 1 h of stirring, the mixture was heated to 90 °C, which was maintained for 1 h to achieve urea hydrolysis under refluxing conditions. The mixture was cooled to room temperature. This step was followed by the addition of 100 mL of ethylene glycol (EG, purity ≥99%). After stirring overnight at room temperature, the solution was heated to 120 °C and maintained for 1 h under refluxing conditions. The obtained slurry was filtered and washed with copious amounts of water (600 mL) followed by 100 mL of ethanol (purity 99.96%, VWR chemical). The resulting sample was dried at 70 °C overnight. 
Thermodynamic aspects of relevant dehydrogenation reactions
Both methylcyclohexane (MCH) dehydrogenation to toluene (TOL) and cyclohexane (CH) dehydrogenation to benzene (BZ) are endothermic reactions. The standard reaction enthalpies of these two reactions are similar to each other, which give comparable thermodynamic equilibrium compositions at various temperatures and pressures. Figure S1 shows the sensitivity of the thermodynamic conversion of MCH or CH on (a) pressure at 300 °C and (b) temperature at 100 kPa MCH or CH. The thermodynamic calculation assumes the absence of H2 in the feed. The reactions lead to an increase in the number of molecules, which lowers the achievable MCH or CH conversion at high pressures ( Figure S1a ). The endothermic nature of the reactions induces higher equilibrium conversion at higher reaction temperatures ( Figure S1b ). Under the reaction conditions relevant to this study (10 kPa MCH or CH at 300 °C), the thermodynamic conversions are above 99.99% for both reactions. Metal content, metal particle size and metal dispersion estimated from (S)TEM images shown in Figure  S2 . Figure S3 . The effects of H2 and MCH partial pressures on TOF for MCH conversion (20 mg, 300 °C, 10 kPa MCH, 30 kPa H2, 1.7 × 10 −5 g h mL −1 ). Figure S4 . The effects of H2 and CH partial pressures on TOF for CH conversion (20 mg, 300 °C, 10 kPa CH, 30 kPa H2, 1.7 × 10 −5 g h mL −1 ).
The majority of the literature on the kinetics of dehydrogenation of liquid organic hydrides is focused on Pt-based catalysts. The kinetics and reaction mechanism of MCH dehydrogenation to TOL over Ptbased catalysts were extensively investigated over the past decades by many researchers. S1-S13 Literature derives different rate expressions over Pt/Al2O3. Pioneer works by Sinfelt and coworkers S1,S2 reported zero reaction order with respect to both MCH and H2 under the following conditions (temperature range of 315 -372 °C, MCH partial pressure of 7-222 kPa, and H2 partial pressure of 111-415 kPa). This kinetics essentially leads to a proposal for the rate determining step being desorption of TOL. Other researchers consistently suggested that MCH dehydrogenation exhibits to be first order with respect to MCH at low MCH partial pressure (<50 kPa) but gradually drops to zero order with increasing MCH partial pressure. S3,S4 Accordingly, there are two cases proposed for the reaction mechanism for MCH dehydrogenation, S14-S16 where the rate is independent of both MCH and H2 pressures; in the first case, if the MCH adsorption is reversible, aromatic would be anticipated to relocate the surface intermediate relatively readily and inhibit the rate strongly. So, the reaction take place according to this model: Adsorption of MCH (M): As for the second case, if the MCH adsorption is irreversible and the dehydrogenation proceeds through a number of steps that are not significant to the adsorbed TOL which is considered the most abundant S7 surface intermediate (masi), and leaves the surface irreversibly, aromatics would then compete only on equal terms with the adsorbed TOL and inhibit the rate.
Adsorption of MCH (M):
Several irreversible steps to form T*, the masi T* then desorbs:
Therefore, the reaction according to this model becomes;
Similarly, high coverage of T* leads to r ~ k2 and desorption of TOL being rate determining.
As for the Pt-based catalysts, controversy in the reaction kinetics also exists in the literature. Focusing on the kinetics of cyclohexane (CH) dehydrogenation, it was reported that BZ has inhibition effect on the dehydrogenation rate, but H2 does not, S17 while other researchers reported an opposite effect. S14,S18,S19 Regarding activation energy, temperature range was critical probably because of different kinetic regime (different rate determining steps). Sinfelt and coworkers reported the activation energy to be 138 kJ mol −1 . S1,S2 Balandin made a comparative kinetic study of dehydrogenation of CH and MCH over Pt and Ni catalysts and measured similar activation energy. S19-S21 Ross and Valentine measured the activation energy over Ni/SiO2 catalysts for cyclohexane dehydrogenation (temperature range 150-220 °C), of 125 ± 8 kJ mol −1 . 
